Lect. 25: PLL

PLL (Phase-Locked Loop): A closed-loop feedback system that
synchronizes output signal with input signal
in frequency and phase
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=>» Frequency locking of input and output (w;,=w,)
with constant phase difference (0)
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Lect. 25: PLL

Vin=sin(wint) Low Ve | Voltage
) ! DF;I:S g;r Pass Controlled Vour=sin(weyt+0)
Filter Oscillator

VCO (Voltage Controlled Oscillator): Frequency-tunable oscillator
=» Output frequency is a function of control
voltage (V)

Wout=Wot+KycoVe

L
&

Electronic Circuits 2 (15/1) W.-Y. Choi




Lect. 25: PLL

Electronic Oscillators (Chap. 13 in Razavi 2nd Edition)
- Crystal oscillator (Razavi 13.6): Piezoelectricity

Very accurate and stable oscillation frequency
But limited frequency range (typical up to tens of MHz)

Used as a master clock in many electronic systems

J- R J_ HVDD

- LC oscillators (Razavi 13.3)
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Lect. 25: PLL

- Ring-oscillator: Odd-stage chain of inverters

Voltage control of oscillation frequency
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Vin=sin(wist) —— Phase
Detector

Lect. 25: PLL

Low
Pass

Filter

Voltage
Controlled
Oscillator

Vour=sin(Wout+0)

PD (Phase Detector): Compares phases of input and output signal and
converts the phase difference to voltage signal

LPF (Low Pass Filter): Takes an average level of PD’s output voltage signal

PD can be realized with a multiplier

sin(a, t)sin(w,
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Lect. 25: PLL

V- =sin(wt) — Low Ve Voltage
in (Wint) DZT:;Zr Pass Controlled Vour=sin(Wout+6)
Filter Oscillator

Sin(a)mt) Sin(60out out

t+0) %{cos[(a)m — iy )t~ O]~ Cos[(@, + @y )t + 61}
_-" Filtered out by LPF

Assuming o,,=®;

Approximately linear for 6 = - /2
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Lect. 25: PLL
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Lect. 25: PLL

Frequency tracking of PLL

Vin=sin(wint) Ph Vep| Low Ve | Voltage .
winiwout ) ; Det:csti}r Pass Controlled Vou=sin(wout+0)

|7 Filter Oscillator
V. is locked to V,,
With 0= — /2 Frequency jump in V,, here
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Lect. 25: PLL

XOR gate can be used as PD for digital signals
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B B earlier than A
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Phase tracking of PLL

winzwout

V. is locked to V,,
(n/2 phase offset)

Lect. 25: PLL
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Vin=sin(wint)

Phase jump in V;, here
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Lect. 25: PLL

Frequency tracking of PLL
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Frequency jump in V,, here
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Lect. 25:

Applications of PLL: Frequency Synthesis

ANANA
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Vip=sin{wint)
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Lect. 25: PLL

Applications of PLL: Frequency Demodulation
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Lect. 25: PLL

Applications of PLL:  Clock signal recovery for digital signals
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